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T h i s  j.s -bhe F i r s t  Q u a r t e r l y  Repor t  on t h e  w o r k  p e r f o r m e t i  
under  C o n t r a c t  NASS-lSOlS "SATURN I n t e g r a t e d  C i r c u i t  T e s t  Program" 
which i s  be ing  performed f o r  !\?ASP-, George C .  Marsha l l  Space F1igh-L 
Cen te r  ,' Hunhsv i l l  e ,  Alabama. 
The g o a l  of  t h i s  p r o g r s n  j.s t c  invest , iga-ke t h e  r e l . i a b i l F t y  
c h a r a c t e r i s t i c s  o f  i n t e g r a t e d  c i i - c u i t s  s o  t h a t  w e  may deve lop  and 
i d e n t i f y  e f f e c t i v e  s c r e e n i n g  t e s t  meth0d.s f o r  t h e  d.oniinant F a i l u r e  
mocies and mechanisms as  t h e y  occur  i n  t h e  t y p e  o f  d e v i c e s  s t u d i e d  
in t h i s  program. The t e s t  sample j n  t , h i s  program r e p r e s e n t s  t h r e e  
b a s i c  nanufnc-baring p r o c e s s e s .  One d e v i c e  type,  t h e  I4C-1519, c o n t a i n s  
o a e  compatiblt? t h i n  f i l m  d i e  and one m o n o l i t h i c  t r a n s - i s i o r  d i e  p e r  
d e v i c e .  The o t h e r  d e v i c e s  ( e . g .  tohe MC-1525, NC-1530, unci SN-52611) 
a r e  of  t h e  s i n g l e  dj.e a l l - d i f f u s e d  m o n o l i t h i c  s i r n c t , u r e .  Punct ionc i l ly ,  
t h e  MC-1519 a.nd t h e  MC-1525 reprc-sen-t a c l a s s  o f  di l ' f  erentia.1- ampl.i-- 
f i e r s ,  w h i l e  t h e  >IC-1530 a m 1  SM-526A r e p r e s e n t  a c lo , s s  o f  o p c r a t i o m l  
a m 2 l i f i e r s ;  and i n  t,he c a s e  o f  t h e  SN--526A, p o s s i b l e  u se  a.s i3 h i g h  
gain d i f f e r e n t i a l  alnplif  i e r .  The SN-52GA xa ,s  p r o c u r e d  Eroni  Texss 
Tns t ruments ,  I n c .  . These p a r t i c u l a r  c i r c u i t s  W C ~ C  chosei i  as bericg 
r e p r e s e n t e t i v e  0 3  t h e  s i n g l e  t y p e s  o f  p r o c e s s e s  v h i c h  may be  used 
.Lo i ' o r~ t~u l . a t e  i n t e g r a t e d  l inea,?  c i r c u i t s .  
T h i s  r e p o r t  c o n t a i n s  a d e s c r i p t i o n  o f  t h e  t e s t  d e v i c e s  
uscd  i n  t h e  program, as wsll as  a d.e ' tai led d e s c r i p t i o n  of t h e  t e s t  
program. A d e t a i l e d  d e s c r i p t i o n  c f  e l ec t r j . ca , l  p a r a n e t e r  measure- 
ments i s  presented f o r  t h e  MC-1519. An a n a l - y s i s  of t h e  s t r e s s  con-- 
d i t j - o n s  o n  a l l .  e l emen t s  wi th i r_  t h e  i i i+.egr&ted c i r c u i t  i s  p r e s e n t e d .  
i n  S e c t i o n  6.  A simi.lar a n a i y s i s  v:i11. b e  made f o r  t h e  o t l i e ~  c j - r c u i t s  
i n  subsequeilt  r e p o r t s .  
t 
-I-- - --- - - - -_ 
~ o n o  1 i t l i i  c W / ~ L  1 f f u s e d  
R e  sj s t o r s  
TPST DEVICES -. 2 . 0  
10-lead a luni r ia  
F l a t  Package 
(1/4" s 1/4") 
2 . 1  B e s c r i p t i o n  --- o f . T e s t  Devices  
Four d i f f e r e n t  i n t ' e g r a t e d  c i r c u i t ,  a m p l i f i e r s  have bee2  
s e l e c t e d  f o r  t h i s  program. The t h r e e  c i r c u i t s  manufactured by t h e  
Motorola Semiconductor P r o d u c t s  D i v i s i o n  a r e  t h e  MC-1519, PIC-1525, 
arid MC-1530. Tha t  manufactured by Texas I n s t r u m e n t s ,  I n c .  i s  
t h e  SN-526A. These c i r c u i t s  d i f f e r  among t h e n s e l v e s  i n  t h e i r  per-  
formance c h a r a c t e r i s t i c s ,  manufac tur ing  p r o c e s s e s  and methods of 
packaging  (Table  2-1).  
TABLE 2-1  
COMPARISON OF TEST DEVICES 
DEVICE TYPE OF 
TYPZ 
MC-151.9 
ANPL I F I E 12 
D i P f e r e n t i s l  
________~ I-.---- ---  -- 
1 
2 . 1 . 1  I- D i f f e r e n t i a l  .Ainpl.ifier - MC-3.519 
The most important, f e a t u r e  o f  a d i f f e r e n t i a l  a m p l i f i e r  i s  
i t s  a b l l l t y  t o  a m p l i f y  s i g n a l s  t h a t  2 r e  d i f f e r e n t i a l  t o  i t s  i n p u t s ,  
w h i l e  r e j e c t i n g  s i g n a l s  which a r e  c3n;~:on %o i t s  i n p u t s .  Cornon-mod,? 
s i g n a l s  n o t  o n l y  a r c  not, s n F 1 i f i t . d  b u t  a r e  a t t e n u a t e 2  i n  2 good 
2-1 
d i f f e r e n t i a l  a m p l i f i e r .  X h i g h  inipednnce comnloil t o  t h e  e m i t t e r s  o f  
t h e  i n p u t  t r a n s i s t o r s  i s  n e c e s s a r y  t o  o b t a i n  t h i s  cha rac  t e r i s t j  c .  
I n  t h e  MC-1519, t h i s  h i g h  impedance i s  ach ieved  by u s i n g  a t r a i i s j s t o r  
o p e r a t i n g  i n  c l a s s  A as  a c u r r e n t  sou rce  a t  t h i s  p o i n t  ( F i g u r e  2 - 1 ) .  
Design of t h i s  d e v i c e  p e r m i t s  i t s  u s e  i n  e i t h e r  t h e  Common E m i t t e r  
(CE) mode ( F i g u r e  2-2) o r  t h e  Common C o l l e c t o r  ( C C )  mode ( F i g u r e  2-3) .  
The MC-1519 i s  a monobrid c i r c u i t  which h a s  t v o  d i c e  housed 
i n  one package ( F i g u r e  2-4).  One d i e  i s  a compat ib le  i n t e g r a t e d  
c i r c u i t  having  t h r e e  NPN t r a n s i s t o r s  and t w o  nichrome t h i n  f i l m  
r e s i s t o r s  ( F i g u r e  2-5a) .  The o t h e r  d i e  i s  a m o n o l i t h i c  i n t e g r a t e d  
c i r c u i t  having  two PNP t r a n s i s t o r s  ( F i g u r e  2-5b) .  I n t e r c o n n e c t i o n s  
between th.e d i e  and t h e  p o s t s  of t h e  heade r  a r e  shown i n  F i g u r e  2-4. 
The d e v i c e s  p rocured  for t h i s  program a r e  house.1 ixi t h e  TG-5 package.  
2 .1 .2  - D i f f e r e n t i a l  A m p l i f i e r  - MC-1525 
MotorolL'  s d i f f e r e n t i a l  a n p l i f i e r  s e r i e s ,  >IC-1-535-8, a r e  
dea igned  t o  p r o v i d e  system and rixcui-l,  e n g i n e e r s  w i t h  ~ r c a t c r  f l e x i -  
b i l i t y  than  was p r e v i o u s l y  a v a i l a b l e  i a  m o n o l i t h i c  in t , eg ra tnd  c i r c u i t r J - .  
By u s i n g  m u l t i p l e  b i a s i n g  connec t ions  and c o m p t i b l e  E N - P N I '  a n i p l i f i e r  
c a s c a d e s ,  a wide r ange  of gsSi1, impedance, p o w e r  supp ly  v o l i a g e  and 
c u r r e n t  dra i r ,  c o r i s t r a i n t , ~  may bc s a t i s f i e d .  The c i r c u i l  s i n c o r p o r a t e  
d i o d e  t empera tu re  compensation and a r e  g e o m e t r i c a l l y  o r i  e,r,t,ed f o r  
good t r a c k i n g .  The MC-1525 i s  -the meinber o f  t h i s  s e r i e s  t h a t  has 
been s e l e c t e d .  L i k e  t h e  MC-1519, t h i s  d e v i c e  employs an a c t i v e  
c u r r e n t  sou rce  a t  t h e  e m i t t e r s  of t h e  i n p u t  t r a n s i s t o r s  t o  neeL 
t h e  r e q u i r e m e n t s  f o r  a. good d i f f e r e n t i a l  a lnpl - i f ie r  ( F i g u r e  2-6).  
The f o u r  r e s i s t o r s  i n  t h e  e m i t t e r  o f  tire c u r r e n t  sou rce  
t r a n s i s t o r  may be  connec ted  i n  a v a r i e t y  o f  ways. The r e su l t an ' ;  
efffecti-\Te r e s i s t a n c e s ,  ( R ~ ) ,  i n  c o i i J u n r t , j  on w i t h  a g i v e n  v a l u e  o f  
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Figure 2-1. Schematic Diagram of M C - 1 5 1 9  
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F i g u r e  2-3 .  MC-1519 
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Figure 2-4 .  Photomicrograph of the MC-1519 Circuit 
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(a)  Compatible C i r c u i t  D i e  (b) Monolithic C i r c u i t  Die 
Figure 2-5.  Photomicrograph of t h e  MC-1519 Dies 
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F igure  2-6 .  Schematic. Diagran of MC-1525 
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make p r o v i s i o n  f o r  s e l e c t i o n  o f  a c u r r e n t  l e v e l  a p p r o p r i a t e  t o  vEE 
t h e  i n t e n d e d  u s e  o f  t h e  d e v i c e  ( F i g u r e  2-7).  
P I N S  
4 8  
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7 e  3 %  o o e  
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F i g u r e  2-7. E f f e c t i v e  R e s i s t a n c e s  i n  Cur ren t  Source 
E m i t t e r  o f  MC-1525. 
The MC--1525 i s  a m o n o l i t h i c  i n t e g r a . t e d  c i r c u i t  hxving 
d i f f u s e d  r e s i s t o r s  ( F i g u r e  2-8).  The d e v i c e s  p rocured  f o r  t h i s  
program a r e  housed i n  t h e  l / 4 ”  x 1/4” alumina f l a t  package. 
2.1.3 - O p e r a t i o n a l  -__ Ampl i f i e r  - NC-1530 
Such advan tages  as  l o w  o f f s e t  v o l t a g e  a.nd c x r r e n t ,  e x c e l l e n t l  
t e m p e r a t u r e  t r a c k i n g ,  i n c r e a s e d  r e l i a b i l i t y ,  small s i z e  arid reduced  
c o s t  make t h e  i n t e g r a t e d  c i  r c u l t  ope ra l io r , a . l  amp3.ifi.er mor0 a . t ; t r a c t i v e  
t h a n  many d i s c r e t e  o p e r a t i o i m l  a m p l i f i e r s  now i n  u s e .  O n ’ t h e  o t h e r  
hand ,  many d i s c r e t e  o p e r a t i o n a l  r m p l i f i c r s  a r e  o f  such h i g h  q u a l i t y  
t h a t  t h e i r  performance cannot  y e t  be d u p l i c a t e d  i n  t h e  s t a t e - o f - t h e -  
a r t  o f  rrionolithic i n t e g r a l e d  c i r c u i t  t e c h n o l o g y .  F o r  many o p e r a t i o n a l  
a m p l i f i e r  a p p l i c a t i o n s ,  such as  t h a t  of  a summing a m p l i f i e r ,  an  
i n t e g r a t o r ,  a DC conipayator o r  a t r a n s f e r  f - u n c t i o n  s i m u l a t o r ,  t h e  
i n t e g r a t e d  c i r c c i t  p r o v i d e s  a r e a s o n a b l e  compromise be-tveen d e s i r e d  
performance and c o s t .  Moto ro la ’ s  O p z r a t i o n a l  A m p l i f i e r s ,  MC-1.530 
and MC-1531, a r e  h i g h  performance,  a l l - - d i f f u s e d  i n t e g r a t e d  c i . r c u i t s ,  
i 
a p p r o p r i a t e  i n t e r c o n n e c t , i o n s  durj .ng maliufscture .  L i k e  t h e  MC--1525 i 
e i t h e r  o f  whi.ch may be  f a b r i c a t e d  froni a sing1.e m o n o l i t h i c  d i e  by 
2-9 
F i g u r e  2-8. Pho tomic rograph  of 
t h e  MC-1525 D i e  
5037-4-6 
2-10 
t h e  c i r c u i t s  i n c o r p o r a t e  d iode  t empera tu re  conipensa t i o n .  A d d i t i o n a l l y ,  
v a r i a t i o n  o f  t h e  o u t p u t  vo l - tage  w i t h  t empcra tu re  i s  reduced  t o  a, 
minimum because  c r i t i c a l  DC v o l t a g e  l e v e l s  w i t h i n  t h e  c i r c u i t s  a r e  
a f u n c t i o n  o f  r e s i s t o r  r a t i o s  and a r e  n o t  d-ependent on  t h e  a b s o l h t e  
v a l u e s  o f  any r e s i s t o r  o r  t h e  b e t a  of any t r a n s i s t o r  i n  t h e  c i r c u i t .  
The MC-1530 has been s e l e c t e d  f o r  t h i s  program ( F i g u r e  2-9) .  
The MC-1530 i s  a m o n o l i t h i c  i n t e g r a t e d  c i r c u i t  having  
d i f f u s e d  r e s i s t o r s  ( F i g u r e  2-10). The d e v i c e s  p r o c u r e d  f o r  t h i s  
program a r e  housed i n  t h e  1/4" x 1/4" a lumina f l a t  package.  
2 .1 .4  - Cperati.ona.l_, Ampl i f i e r  - SN-526A 
Texas I n s t r u m e n t ' s  A m p l i f i e r s  SN-525d and SN--53'' ar, a r e  
c i r c u i t s  e i t h e r  of which may be produced f r o m  a s i n g l e  "!faster S l i c e "  
by  a p p r o p r i a t e  i n t e r c o n n e c t i o n s  d u r i n g  manufac ture .  The SN-526A 
h a s  been s e l e c t e d  f o r  t h i s  progran  ( F i g u r e  2-11).  I t  f e a t u r e s  
D a r l i n g t o n  high-impedance d i f f e r e n t i a l - i n p n t  s t a g e s  ar,d a Clsss C 
ou-tput power ampl - i€ i e r .  D i f f e r e n t i a l  a m p l i f i e r  o u t p u t s  a r e  a l s o  
p rov ided .  
More s p e c i f i c  des lg i i  d e t a i l  w i l l  be  inclu2c.d i n  l a t z r  r e i ~ . \ ~ * t s .  P - A 
These d e v i c e s  a r e  packaged i n  a 1/4t1 x l / 8 "  welded package. 
2-1.1 
I '  
z 75k 
6 
1 
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Figure 2 - 9 .  Schematic Diagram of MC-1530 
2-12 
, 
F i g u r e  2-10. Pho tomic rograph  of  t h e  MC-1530 D i e  
5035-4-6 
2-13 
Figure 2-11. Schematic D:iagrai?i of SN--52SA 
2-14 5822-  12-6 
_-I 3.0 ELHCTRTCAL CHARACTERlSTICS 
The c o n f i g u r a t i o n  and c o n s t r a i n t s  a p p l i c a b l c  t o  t h e  measure- 
ment o f  t h c  d e v i c e  e l e c t r i c a l  c h a r a c t e r i s t i c s  a r e  d i s c u s s e d  f o r  t h e  
PIC-1519 d i f f e r e n t i a l .  a m p l i f i e r  i n  t h i s  r e p o r t .  S i m i l a r  i n f o r m a t i o n  
f o r  t h e  MC-1525, MC-1530, and SN-52611 w j l l  bc  i n c l u d e d  i n  l a t e r  
r e p o r  t s .  
D i f f e r e n t i a l  A m p l i f i e r  - M C - l ' j 1 9  --- 3.1 
F i g u r e  3-1 shows t h e  c i r c u i t  c o n f i g u r a t i o n  employed i n  
measur ing  t h e  e l e c t r i c a l  c h a r a c t e r i s t i c s  o f  t h e  MC-1519 i n  t h e  
cominon e m i t t e r  ( C E )  mode. This c i r c u i t  i s  i n c o r p o r a t e d  i n  t h e  
t h e  e l e c t r i c a l  t e s t  equipment used f o r  perfori,:?ng t h e  nieasurezi:IC.;i t s  
except, t,h,zt t h e  r e s i s t a m c e  b r idge  p rov ided  -Lo s n ~ p l y  base  voltage a t  
p i n  G h a s  been. r e p l a c e d  by a.n a m p l i f i e r  c i r c u i t  which a d j u s t s  t h e  
v o l t a g e  a:L p i n  5 a u t o m a t i c a l l y .  T h i s  ad jus tmen t  p r o v i d e s  t h e  c o n s t a n t  
c'cirreilt f l o w  t h r o u g h  t h e  input,  s t . age  T h i s  c o n s t a n t  c w r e n t  t h e n  
e s t a b l i s h e s  t h e  p rope r  c u r r e n t  and vol ta .ge  l e v e l s  i n  bo-LI; %he ic?ut ,  
( NPN) a.nd tJre o u t p u t  ( P ~ ? P )  s t a g e s  . For  most, parameter  neas3irement s 
in tahe CE m o d e ,  an o u t p u t  v o l t a g e  o f  0 Vdc i.s s p e c i f i e d .  When this 
c o n d i t i o n  i s  met,  t h e  cons.Lant c u r r e n t  I f l c w i n g  through t h e  cur ren- t  
s o u r c e  h a s  approximate v a l u e s  from 3 .5  m i l l i . o n p e r e s  f o r  low-gain 
d e v i c e s  t o  2 . 8  m i l l i a m p e r e s  f o r  h igh -ga in  d e v i c e s .  C u r r e n t s  I and 
1 a r e  4.45 mi l l i amperes  when pi l ls  3 and 9 a r e  a t  0 Vclc - to  g r o u n d .  
Seven e3.ec t r i c a l  c h s r a c t e r i s t i c s  o f  a l l  d e v i c e s  a r e  t o  be measured; 
two e l e c t r i c a l  c h a r a c t e r i s - t f i c s  o f  a l i m i t e d  samy1.e a r c  -Lo be measured. 
11: t h e  measuring c i - r c u i t s  d e s c r i b e d  bzlow, t , h c  a m p l i f i e r  symbol D i s  
used  l ,o d e s i g n a t e  t h e  c i r c u i t  3 s  slioim i n  Figu-re 3-1.. The e l - e c t r i c a i  
c h a r G c t e r i s t i c s  a r e  t a b u l s t e d  a t  - t h e  e n d  o f  -the d e s c r i p t i o n  o f  t h e  
measurri rig c i r c u i t s .  
1 
4 
5 
3-1 
912v 
0 UT P L'P 
27 k n  
583 0- 1.2 -6  
I n p u t  C u r r e n t  ( I ~ )  s i l c l  I n y u t  offset Cur ren t  ( I  ) i o  3 .1 .1  -____-------- 
F i g u r e  3-2 shows t h e  c i r c u i t  €o r  measuring t h e  b a s e  cu r ren t ,  
o f  each  i n p u t  t r a n s i s t o r .  -4s shown, t h e  b a s e  c u r r e n t s  a r e  ineasured 
i n d i v i d u a l  l y  and Ii and li0 determined  by computat ion.  
w i l l  b e  deterxCned f o r  all d e v i c e s .  
These v a l u e s  
., L 
, O f f s e t  Cur ren t  = IA -- I, 
A 
I t IB A I n p u t  C u r r e n t  = -T-- 
@ Input  
measured when 
VA = 0 Vdc 
mcasured vhen 
VB = 0 Vdc 
F i g u r e  3-2 .  I n p u t  Cur ren t  ( I .  ) and I n p u t  O f f s e t  C u r r e n t  
3. 
3.1.2 I n p u t  O f f s e t  Voltage (vi J 
( 1 .  ) 
10 
Figure  3-3 shovs t h e  c i r c u i t  f o r  measuring the  i n p u t  offscL 
Troltage. I- t  i s  m e a . s u r ~ d  i.11 inVdc. T h i s  valGe vil.?. be  measured f o r  all 
d e v i c e s  . 
3-3 
V a r  i a b  1 e 
DC 
Supp ly  
men sur ed 
= 0 Vdc 
= 0 Vdc 
when : 
3 . 1 . 3  D i f f e r e n t i a l  Vo l t age  Gain (Ada)  
_-------I 
Frigi.u.2 3-4 shows the c i r c u i t  f o r  meaa;:rl.ng t h e  o ~ . t p u t <  v o l t a g e  
i s  z .p?l ied 'io f r o m  whi c h  t h e  d i f f e r e n t i a l  v o l t a g e  g a i n  i s  de termined- .  
b e f o r e  t h e  o s c i l l a t o r  is tux.i;ecl up.  V j .s  measured i n  -i;.o3ts r m s .  The 
o t h e r  condi'iions o f  measurement a r e  a s  shown i n  t h e  f i g u r e .  T h i s  
v a l u e  wi.1.I i,c determined f o r  all d e v i c e s .  
'dd 
Add 
( r a t i o )  = - v 
'i 
( d b )  = 2 0  l o g  -- v 
'i 
3 -4 
Maximum Output  Swing ( V  ) o 
I 
3.1.1 
-- 
F i g u r e  3-5 shows t h e  c i r c u i t  f o r  measuring mcximum o u t p u t  
swing. V i s  a p p l i e d  b e f o r e  t h e  o s c i l l a t o r  i s  t u r n e d  up. The o t h e r  
c o n d i t i o n s  a r e  as shown i n  t h e  f i g u r e .  T h i s  value w i l l  be  z e a s u r e d  
f o r  a l l  d e v i c e s .  
i o  
AMPLIFIER 
L+--j /-O B 
v = v(p-p) 
0 
o s c i l l o s c o p e  
( z i n  = 10 megohm) 
V i n c r e a s e d  u n t i l  c l i p p i n g  o f  7To observed  a t  1 kHz 
S 
3.1 .5  S i n g l e  Ended Yolkage Gain (-4v) _______ _-_l_l_-------- 
F i g u r e  3-5 show? t h o  c i r c u i t  f o r  n c a s u r i n g  t h e  o u t p u t  
i o  v o l t a g e  f r o m  which t h e  s i n g l e  ended v o l t a g e  g a i n  i s  detervinei! .  V 
i s  applied b e f o r e  t h e  o s c l l l a t o r  i s  t u r n e d  up. V i s  measured i n  
v o l t s  r m s .  The o t h e r  c o n d i t i o n s  a r e  a s  shown i n  t h e  f i g u r e .  T h i s  
value w i l l  b e  de te rmined  f c r  a l l  d e v i c e s .  
v A 
v A 
B W 
Av: 
BW: Freyuercy  i n c r e a s e d  u n t i l  o u t p u t  v o l t a g c  i 
V. = 1.0 mV r m s  a'u 1 k€I? 
measured i n  AT measurement ( - 3 d b )  
1 
VT 
F i g u r e  3-6. F j x g l e  Er,dc(~ Voltage C a i n  ( 1  ) 
7- 
3- -5  
v 
( r a t i o )  =: - 
'i 
=Z Frequency a t  0.707 Y 
F i g u r e  3-6 a l s o  shows t h e  c i r c u i t ,  f o r  measur ing  baitdxj d t h .  
I f  banciwidth i s  n o t  measured i n  c o n j u n c t i o n  w i k h  t h e  s i n g l e  ecded 
v o l t a g e  gixin, a l l  s t e p s  r e q u i r e d  f o r  t h e  A measurement a r e  r e q u i r e d  
t o  make t h i s  measurement e x c e p t  t h e  computa t ion  of A v . 
w i l l  be mebsured f o r  a l l  d e v i c e s .  
v 
T h i s  v a l u e  
3.1.7 D i f f e r e n t i a l  Tnput, Impedance (Zin)  
--__-I___- 
F i g u r e  3-7 shows -the c4.rcui.t f o r  measur ing  t h e  d 2 f f e r e n t i a l  
i s  t u r n e d  up. 
i s  a d j u s t e d  t o  m a i n t a i n  t h e  p r o p e r  i n p d t  v a l u e  8: R i n  -i-s a d j u s t e d  
i n p u t  impedance. 
V .  
t o  ac l i ieve  t h e  6 dh loss o f  g a i n  i n  output ,  vo l - tage .  
r e s i s t ~ r .  The o t h e r  c o n d i t i o n s  % r e  as  shovn i n  t h e  f i g u r e ,  T h i s  
v a l u e  i s  measured on a l i m i t e d  sample o f  d e v i c e s .  
Vi0 i s  a p p l i e d  b e f o r e  t h e  o s c i l l a t o r  
1 0 
Rill i s  a d e c n d e  
1 
Z .  = R .  -.Then R..  r educes  V t o  0 .  I n  19 ;. n 
S c l o s e d  (-Bdb) 3. 
o f  v a l u e  measured w t h  
F i g u r e  3-7. Di i fe ren - t i a . I  I n p u t  Inipedaace 
3-6 
3.1.8 Common )Iode  ejection ( ci’flLe . ) -- 
n F i g u r e  3-8 shows t h e  c i r c u i t  f o r  n e a s u r i n g  t h e  o u t p u t  
v o l t a g e s  from which t h e  cOli1111OC mo3e g a i n  (Acd) and t h e  corm0~1 mode 
r e j e c t i o n  a r e  de te rmined .  In  making t h e  measzrements o f  o u t p u t  
v o l t a g e ,  c a r e  must be  - taken t o  i n s u r e  t h a t  t h e  vo l t , age  a t  p i n  6 
i s  approx ima te ly  t h e  same v a l u e  as t h e  v o l t a g e  a t  t h a t  p o i n t  when 
making t h e  Vio measurement, 
measured and A V  i.s f o u n d  by  s u b t r a c t i o n ,  T h i s  v a l u e  w i l l  be  
de t e rmined  o n  a. l imi . t ed  sample of  t h e  d e v i c e s .  
Two val .ues  o f  DC outpu-l  vol-Lage a r e  
Acd =: 
E’igure 3-8, Common Mode R e j e c t i o n  
E l e c t r i c a l  C h a r a c t e r i s t i c s  - - - . ~  t o  - B e  - Mensuj24 3 . 1 . 9  ~ - - - _ _  
T h c  e i t c t r i c a l  c h a r a c t e r j  s t j  c s  t o  b s  measured a r e  t a b u l a t e d  
i n  T ~ E I  e 3-1. 
where  a p p r o p r i a t e ,  f o r  b o t h  t h e  COiiiTnon e m i t t e r  ( Q 3 )  and t h e  coninon 
c o l l e c t o r  ( C C )  mode. 
IIiKimum? t ,ypicRi and/or  maximum \-slues a r e  shown, 
DC P a r  am c t e 1- Y ---- 3 ..l c i.0 
3-7 
TABLE 3-1 
ELECTRICAL CIIhRACTElZI ST ICs OF pic-1 5 19  
3-8 
o r  can  b e  use f i l l  i n  t h e  p r e d i c t i o n  OP d e g r a d a t i o n  o r  f a i l u r e  r a t e s  
i.n r e l i a b i l i t y  programs, t h e  pa rame te r s  w i l l  b e  d e s c r i b e d  and r e p o r  t,ed 
i n  d e t a i l  i n  l a t e r  r e p o r t s .  
4.0 TEST PROGRAFI -- 
This  program w i l l  be  performed o n  t h e  f o u r  i n t e g r a t e d  
c i r c u i t  a m p l i f i e r s  d-escr ibed i n  S e c t i o n  2 .  
200 samples of each t y p e .  The t e s t s  t h a t  t h e s e  samples w i l l  be  
s u b j e c t e d  t o  a r e  silmmarized i n  Tab le  4-1. 
of each  t e s t .  p rocedure  i s  found i n  t h e  f o l l o w i n g  s e c t i o n s .  
T h e  pi*ogr&in i n c l u d c s  
A more d e t a i l e d  e x p l a n a t i o n  
4.1 Opera t ing  L i f e  T e s t s  
Th.ree o p e r a t i n g  l i f e  t e s t s  a r e  l i s t e d  i n  Table  4-1. S i n c e  
each of ? Io - to ro1 .a ’~  c i r c u i t s  can be o p e r a t e d  at many c i r c u i t  power 
l e v c l s ,  t h e  s p e c i f i c  t e s t  c i r c u i t  f o r  t e s t . s  1. ai?.d 2 w i l l  be a non- 
f u n c t i o n a l  t e s t  with normal b i a s  a p p l i e d .  T e s t  2 i s  consj.d.?red t o  
be a. c o n t r o l  samp1.e. T e s t  3 T r i l l  cons i s - t  of t e s t i n g  t.hncse c i r c a i t s  
at. the maxiInum y z r m i s s i b l e  t empera tu re  and ai a n  accelci:a-l.ed .;,mer 
leve l . .  
an2 wi1.1. ?i:* cx-tt;i:t!?~d. LG 4000 h o u r s ,  t ime  permi tk ing .  Each d e v i c e  
uric ‘ ~ r  t e s t  w i l l  be: a . t  regu . la , r  i n t e r v a l s ,  removed from t h e  s-iress 
t e s t , ,  a l lowed s u f f i c i e n t  Lime t o  r e t u r n  t o  r o o m  t e m p e r a t u r e ,  ani! 
t h e n  r e a d  e l e c t r i c a i l y  f o r  t i iosc Fa.rai ie t ,ers  r i h I . ch  : i re  d ~ t ~ f r ~ i n e c l  
t o  be c r i t i c a l  t o  t h e  p rope r  6pera-l;ion o f  t h e  d e v i c e .  Regular  t e s k  
i n t e r v a l s  w i l l .  be at 125,  250,  1 C O O  hour s  and a t  each 1000 h o u r s  
t h e r e a f t e r  F a i l u r e  a n a l y s i s  w i l l  be conclucled immedia.-t;cly o n  
v e r i f i e d  ca.ta.s-l ;rophic f a i l u r e s  (opens  and s h o r t s )  . Hovever ,  o n  
samples  e x h i b i t i n g  abnornial :pe.ra.meter d e g r a d a t i o n  t h a t  i .T l e s s  k h a n  
c a t a s t r o p h i c ,  n o  f a . i l n r e  a n a l y s i s  w i l l  be  per iormed unti.1. enough 
r e a d o u t s  a r e  accumula te6  t o  ve r i . fy  f a i l u r e  and t ,o  d e f j n c  t h e  r a t e  
of‘ de!g:ra.d;;ition o c c u r r i n g .  
Each t e s t  i q j . 1 1  be performed- f o r  a min.imuni o f  1000 -C,es-C; h o u r s  
4-1. 
u2 w 
Lr, Lr, 
0 1 0 1  
in 
Cll 
in 
N 
in 
c\l 
6 E 3 0  
Q, 0 -  Q, 4 
T e s t  1 - Elcvnted  Ambieni - Bins  L i f e  Tes'G 
__l_l_ I---- -_-_1_--_1- 
4 . 1 . 1  
Each M o t o r o l a  c i r c u i t  s e l e c t e d  f o r  t h i s  program has  b e e n  
e v a l u a t e d  e l e c t r i c a l l y  t o  de te rmine  i t s  a p p l i c a b i l i t y  t o  v a r i a b l e  
power s t r e s s  t e s t i n g .  Each c i r c u i t  can be s t r e s s e d  a t  power l e v e l s  
g r e a t e r  t h a n  normal opcra. t iona1 would g e n e r a l l y  r e q u i r e .  T h i s  test 
procedure  is des igned  t o  de te rmine  t h e  l i f e  r e l i a b i l i t y  c h a r a c t e r i s t i c s  
€ o r  each  c i r c u i t  a t  a minimum s t r e s s  l e v e l .  
4 . 1 . 2  T e s t  2 - Room hmbi.en-t - Bins  L i f e  T e s t  
Th i s  t e s t  will be  performed a s  a cGnt ro l  t e s t  a n 6  t h e  
e l e c t r i c a l  b i a s  c o n d i t i o n s  w i l l  be  i d e n t i c a l  t o  t h o s c  u s e d  i n  t c s t  2. 
The t e s t  ambient  will be  ma in ta insd  a t  r o o n  t c l n p e r a l u r c .  
The pu rpose  of  t h i s  t e s t  i s  t o  a c c e l e r a t e  n o r m a l  f a i l u r e  
modes a t  j u n c t i o n  tempera,t,ures 5n e x c e s s  of Lhe r a t e d  concli Lions 
f o r  t h i s  package.  Each c i r c u i t  w i l l  b e  b i a s e d  st t h e  3 0 C  mlJ power 
letpel- (maximum power  l e v e l  f o r  tile ~ C - l j 2 5 j .  1 h e  t e n i p c r L i t u r e  o f  
t h e s e  t e s % s  w i l l  be  maintai i ied a t  t h e  chamber tempera-Lure o f  1 2 5 O C .  
-" 1 
4.. 1 . 4  T e s t  4- --. S t o r a g e  %.i.fe T e s t  
T h i s  t e s t  w i l l  be  performed a% t h e  a n b i e n t  t e x p e r a t u r e  o f  
I t  w i 1 I  c o n s i s t  o f  p1.acing t h e  d e v i c e s ,  unb ia sed ,  j.n a t e s t  15OoC. 
chmibzr and p e r i o d i c a l l y  w i t h d r s v i n g  % h e m  f r o m  the chamber f o r  
y a r a n e t e r  readir1.g. A minimu:a ol" f o u r  h o u r s  w i 3 . 1  be  a l l o v e d .  betwcen 
t h e  t ime  t h e  d e v i c e  removal f r o m  t e m p e r a t u r e  s t r e s s  t o  t h e  t,ime t ,hat  
t h e  t e s t  s a m p l e ' s  e l ec - t r i ca l .  pa rame te r s  wil.1 b e  r e a d .  
maximum amount o f  r e i i a b i  l i  l y  i n f o r m a t i o n  i n  a r e l a t i v e l y  s h o r t  
p e r i o d  of t ime.  The t e s t i n g  s t r e s s  u s u a l l y  used  i n  e v a l u a t i o n s  o f  
t h i s  n a t u r e  w i l l  be any combinat ion o f  t empera tu re  o r  power o r  v o l t a g e .  
The t e c h n i q u e  i s  n o t  r e s t r i c t e d  t o  t h e s e  methods of t e s t i n g  and i s  
o f t e n  a p p l i e d  t o  mechanical  t e s t s  as  w e l l .  
The t e c h n i q u e s  t h a t  M o t o r o l a  p roposes  i.ri Tab le  4-1 a r e  
e x p l a i n e d  i n  t h i s  s e c t i o n .  I n t e r m e d i a t e  r e a d i n g s  w i l l  b e  t a k e n  
a f t e r  each s t e p .  
4 . 2 . 1  T e s t  5 - Temperature  -- S t e p  - S t r e s s  T& 
The d e v i c e s  t o  be s - t r e s sed  i n  t h i s  manner vill b-? s t o r e d  
at each  s t r e s s  t e m p e r a t u r e  f o r  4 3  hours .  The i n i t i a l  s t8ep wi1.1 be 
s e t  a t  150 C f o r  t h e  TO-5 package c i r c u . i t , s  an& 200 C f s r  t i le f l a t  
package c i r c u i t s .  A f t e r  each s t t ress :  t h e  s u r v i v i n g  c i r c u i t s  w i l l  be  
s t r e s s e d .  a t  a l e v e l  25  C h i g h e r  Lhnn t h e  p r e v i o u s  s t e p .  hach t e s t  
w i l l .  b e  con-tinusd. u n t i l  more t han  67 Fcrce::-t o f  t h e  ssr;.l;)le has f a i l e d .  
0 0 
-1 0 
T e s t  6 - Power S t e p  L S t r e s s  . T e s t  - . . - ~  - 4.2.2 
Each c i r c u i t  will b e  s t r e s s e 2  a t  tkic room ambient  t e m p e r a t u r e  
by v a r y i n g  t h e  power d i s s i p a t e d  i n  a c o i l t r o l l e d  n!anae.r. The d e v i c e s  
w i l l .  b e  s u b j e c t e d  $ 0  48 hou.rs o f  t e s t i . n g  a-t each s t r e s s  l e v e l .  The 
i n i t i a l  power ].eve1 wi l l .  be  z e r o  m i l l i w a t t s  and esch  s u c c e s s i v e  s t e p  
w i l l  i n c r e a s e  by 100 mi l l iwa t t s .  The t e s t  k-i.11. con-ti.iiue u n t i l  e i t h e r  
67 pe rce i l t  o f  t h s  samp1.e h a s  f a i l e d ,  t h e  equi.p!nent 1j.mil;a-ti.ons have 
been r eached ,  o r  t h e  c i r c u i t  l i m i t a t i o n s  have b e e n  r eached .  
4.11 d e v i c e s  p a s s l n g  at ,  one  s t r e s s  l e v e l  w i l l  be  si lbjectecl  t o  t h e  
n e x t  progrsnimed s t l e s s  l c l v e l .  
Y 
4 .2 .4  Test, 8 -- Temperature _I C j ~ c l  ing 
Each sample w i l l  b e  s u b j e c t e d  t o  10 c y c l e s  o €  t empera tv re  
c y c l i n g  p e r  t h e  p rocedure  l i s t e d  i n  Eil-Std-202C exczp t  t h a t  t h e  
t e m p e r a t u r e  ex t remes  w i l l  be v a r i e d  f o r  each s t e p  i n  t h e  program 2 s  
f 0 11 O\TS : 
S t e p  I - 5 5 O C  t o  1 5 0 O c  
S t e p  3 --5T°C t o  -t200°C 
S t e p  2 -55'C t o  + 1 7 j o C  
S t e p  4 -55'C t o  +225OC 
t o  
S t e p  n - 5 5 ' ~  t o  T~ when l e s s  t h a n  33  p e r c e x t  o f  
t h e  i n i t i z l  sample remains  g o o d  o r  un t , i l  
equipment l i m i  1 has boen r eached .  
4 . 3  MI 1,-S - 1 9 5 00 Ti' e s t S e q u e n c e s --- 
S t a n d a r d  i n t e g r a t e d  c i r c u . j t s  a r e  n o m z l  ? y  r?x-pcctcd t ,o  
pass t h e  t w o  e n u i r o ~ m e n t o l  t e s t  sequences  l i s t23  i n  Nil-S-19jOG. 
To v e r i f y  t h a t  t h i s  c a p a b i l i t y  s t i l l  e x i s t s  jri  I l i i s  pr3d1ict ,  t h i s  
sequence o f  i e s t i n g  i s  added t o  t h e  t , e s t  program. I n t e r i n e d j a t e  
readings i s i l l  be  t a k e n  a f t e r  each t e s t .  
4.3.1- 
The , n e c h a r i c a l  t e s t  sequences e.nd t h e i  r d e t z i l e d  p r o -  
cedu.res a r e  as  f o l l o w s :  
4.3.1.1 Shock T e s t  
4-5 
o r  f i e l d  ope i -a t ion .  The shock t e s t  i s  u s u a l l y  performed by r j g j c l l y  
mounting t h e  d e v i c e  under t e s t  i n  n f i x t u r e  on a c a r r i a g e  between 
v e r t i c a l  gu ide  r o d s .  The c a r r i a g e  is r a i s e d  and droplied. The h e i g h t  
f r o m  which t h e  c a r r i a g e  i s  dropped and t h e  n a t u r e  o f  t h e  pad upolj 
which i t  d rops  de t e rmine  t h e  shock l e v e l  and p e r i o d .  T h i s  s h o c k  
t e s t  i s  r e p e a t e d  f i v e  t i m e s  a long  each o f  t h r e e  a x e s ,  xl ,  y l ,  z l ,  
a t  a shock l e v e l  o f  1509 " G . "  
4 . 3 . 1 . 2  Cons tan t  A c c e l e r a t i o n  
The c o n s t a n t  a c c e l e r s t i o a  t e s %  i s  a n  " a c c e l e r a t r e d "  t e s t  
d e s i g n e d  t o  d e t e c t .  t y p e s  o f  s t r c c t u r a l  and mechsnica l  wealmesses 
n o t  n e c e s s a r i l y  d e t e c t e d  i n  shock and v i b r a t i o n  tea!;:j. The d e v i c e  
und:?r t e s t  i s  mounted i n  a j i g  o n  t h e  p e r i p h e r y  of  a. r o t a i i n g  mrmber. 
The ro-l;atioiiai .  speed and r a d i u s  f r o m  t h e  d e v i c e s  under  -test; t o  t h e  
ro.ta-Li.oiial sx i s  de te rmine  t h e  acce l .e ra t , ion  l e v e l  o f  20,000 G .  
4 . 3 . 1 . .  3 V i b r z t i o n  Fatigue 
The purpose  of  th I . s  - t e s t  i s  t o  det,er:;ii.i:e the? z l" fec t  of'  
p ro longed  v i b r a t i o n  o n  t h e  d e v i c e .  The !.iItegrated c j . r c u i t  d e v i c e  
unde r  t e s t  i s  r i g i d l y  mounted on. a r i h r a t i o i !  t z b l e ,  and thei1 s i i b j ec t ed  
t o  a s imple  harmonic notmion  a t  appi-oxim~~Ce1.y 60 c p s  with a constan-t  peak  
a c c e l e r a t i o n  o f  20 G minimum f o r  a p e r i o d  of 32 h o u r s  j.n each a f  t , h ree  
mu'Lua,il.y p c r p e n d i c u l a r  o r i e n t a t i o n s  f o r  a t o t E t l  o f  96 hour s .  
4.3,.1.4 V i b r a t i c n  V a r i a b l e  Freqzency 
between 100 sild 20GO cps .  The e n t j r e  f r equency  range  o f  100 t o  2000 
c p s  and r e t u r n  t o  100 cps  i s  t r a v e r s e d  iil n o t  l e s s  t h a n  4 minutes .  
T h i s  c j -c le  i s  performed f o u r  times: i n  each  of t h r e e  mutua l ly  perpen- 
d i c u l  czr p l a n e s .  
T e s t  10 - Thermal T e s t  S a u e n c e  __--__------ 4.3.2 
The -thermal t e s t  sequence and t h e  i n d i v i d u a l  t e s t  pro-  
c e d u r e s  a r e  as f o l l o w s :  
4 .3 .2 .1  S o l d e r a b i l i t y  
T h i s  t e a t  i s  des igned  t o  d e t e r m i n e  bo-th +,lie a b i l i t y  o f  t h e  
i n t e g r a t e d  c i r c u i t  t o  wi+,h,stsnd t h e  h igh  tempzra t ,ure  encoun-!,ere6 
d u r i n g  s o l d e r i n g  and - to  determi.ne how well. t h e  lea .ds  a r e  v e t t e d  -to 
s o l d e r .  The t e s t ,  i s  pe::formed by d j p p i n g  t h e  package 3.eads i n t o  
molten 60-40 ?ead--f;in s o l d e r  a% % 3 O C C  tto a, p o i n t  l . / G  j x c h  from %he 
body o f  t h e  paclioge f o r  a p e r i o d  o f  13 seconds .  The c i r c u i t s  are 
t e s t e d  f o r  e l e c t r i c a l  parameters  t o  det ,erminz i f  t h e  t e s t  caused 
any c h a r a c t e r i s t i c  changss  and. t h e n  a r e  examine2 under  ?, z i c r o s c o p e  
to deter in ine  i.f t h e  l e a d s  have S e e n  a d e y u a t e i y  co2,ted. vi-in s o l d e r .  
4 . 3 . 2 . 2  Temperatijre Cyclir,g 
The t e n p e r a t u r e  cycl i i ig  t e s t  i s  co rduc ted  t.0 Ceterinine 
t h e  r e s i s t a n c e  o f  t h e  i n t e g r a t e d  c i r c u i t  t .9  repezzted exposure  t o  
ex t remes  of h igh  a.nd l o w  tempera,ture . A t y p i c a l  t e m p e r a t u r e  c y c l i n g  
t e s t  f o r  i n t e g r a t e d  c i r c u i t s  c o n s i s t , s  o f  30 minu tes  at - 6 5 O C ,  5 
minu-tes a t  ;-25OC, 30 minut,es a . t  + 1 7 5 O C ,  5 min-dtes a t  +2f i °C ,  and 
r e t , u r n  t o  -65 C .  T h i s  h i g h  and l o w  %cmpera ture  secjutnce is r e p e a t e d  
f i v e  t i m e s .  
0 
4 .3 .2 .3  Thermal &ock 
T h i s  t e s t  i s  similar t o  t e n p e r a t u r e  c y c l i n g ,  excep t  t hAt  
t h e  t r a n s f e r  t ime f r o m  t h e  extreme -t,emperature i s  s h o r t e r .  T h i s  t e s t  
i s  o f t e r ,  r e f e r r e d  t o  as '!glass s t r a i n . "  T h e  s t a n d a r d  t e s t  f o r  e v a l u -  
a t i n g  i n t e g r a t e d  c i r c u i t s  u sed  0 and 100°C as extreme t e m p e r a t u r e  
l i m i t s .  The t r a n s f e r  t i n e  must be  less t h a n  5 seconds .  T h i s  t e s t  
i s  r u n  f o r  f i v e  c y c l e s .  
0 
4 . 3 . 2 . 4  Mois tu re  R e s i s t a n c e  
The purpose  of t h e  moi s tu re  r e s i s t a n c e  t e s t  i s  t o  e m l u a t e ,  
i n  an a c c e l e r a t e d  manncr, t h e  r e s i s t a n c e  o f  intFgrttt.eci c i r . c u i t s  t ,o  
h i g h  humid i ty  and t empera tu re  c o x l i t i o n s .  The t:>st p e r i o d  is 10 
days, d u r i n g  which t h e  i n t e g r a t e d  c i r c u i t  i n  EL chamber i;; s u b j e c t e d  
t o  ten ipera ture  cyc:es between + loo  
of between 90 and 98 p e r c e n t .  
0 and +65 C a t  a r e l a t i v e  humirlit,y 
r *  
These t , e s i  p rocedures  are  d e s c r i b e d  i n  d c t z i l  i n  
M21-Std-750 - - -  TEST P!I!ETHODS FOB, SEMICONDUCTOS DEVICYS. 
A t  t h e  coiilpletion o f  t h e s e  standard tests, t h e  s u r v i v o r s  
f r o m  t h e s e  samples  ( t e s t s  9 and I O )  w i l l  be e q u a l l y  d i v i d e d  i n t o  
t h r e e  samples afid will be s t r e s s e d ,  i n  s t e p s ,  a s  f c l l o w s :  
A .  Temperature  Cycl ing S t e p  S t r e s s  T e s t  
Using t h e  scme t i m e  sequences  performed j., t h e  
s tandard  t e s t  sequence,  ~ ~ I ' e r r e d  t o  i n  t e s t  9 ,  
10 c y c l c s  w i l l  bc p e r f o r ~ ~ i c d  a t each s t e p ,  wi'tl~ 
parameter  r e a d i n g s  p e r f o r m e d  a€t,er eacli s t c p ,  
u n t i l  m o r e  tha:i 50 p e r c e n t  o f  t h e  eamplt h a s  
f a i l e d  o r  t h e  c q u i p i i c n I  l i n i  l a  t i o n s  h a v e  b e e n  
r E ? Z C : l € > c : .  
1 s t  SLey: - -55OC: t o  i-175'C 
2nd S t e p  - 3 )  r r - 0  c t o  +2@& 
A?!! T25 "c 
J3. Shock S t e p  S t r e s s  TesL 
(xl, yl ,  z ) w i l l  be perforic-ctd 10 shocks i n  each  axis 
i n  s t r c s s  s t e p s  of :  
1 
3,000 G 0 . 2  m i l l i s e c o n d  
10,000 G 0 .2  m i l l i s e c o n d  
w i t h  parameter r e a d i n g s  t o  be made a f t e r  each s t e p .  
C .  V i b r a t i o n  V a r i a b l e  Frequency S t e p  Stress T c s t  
The  sample T r i l l  be s u b j e c t e d  t o  i I ic reased  s t e p s  o f  
s t r e s s e s  u s i n g  the same p rocedure  a s  o u t l i n e d  t o  
be performe6 i n  t h e  v a r i a b l e  f reqi jency v i b r 3 ' l i  on 
t e s t  s t r e s s  except  t h a t  t h e  s t r e s s  'Levels a t  each  
s t e p  wil l .  b e  as  f o l l o w s :  
S t € p  1. 30 G 
2 50 G 
3 70 G 
4 80 G 
5 90 G 
6 100 G 
Such paramt ter  r e a d i n g s  as  i s  necessary t o  deterirlinc 
whether  t h e  d i e  2nd leads a r e  i n t a c t  w i l l  be  -cakcn 
a f t e r  tach s t e p  i-11 t h e  stress secii1ence. Cotiiplete 
e l e c t r i c a l  parameter d a t a  vi11 be  taker ,  a t  t h e  
beg inn ing  and al; the end of' t h e  program.  
4-5; 
The r equ i r emen t s  o f  t h i s  program i n c l u d e  a survey  of pnb- 
l i s ] l e d  3 i t e r a t u r e  t o  deter1fiine t h e  p h y s i c a l  f a i l u r e  mechnnisifis t h n t  
w i l l  inos-t 1 - ike ly  occur  i n  an  i n t e g r a t e d  c i r c u i t .  N o t o r o l a  i s  cu r -  
r e n t l y  conduc t ing  t h i s  survey and, ev-en though :it i s  n o t  complete ,  
i t  h a s  p r o g r e s s e d  f a r  enough t o  u t i l i z e  a v a i l a b l e  c r o s s  s e c t i o n s  o f  
i n d u s t r i a l  kno:yrl-.dge rill evstl imting t h e  methods o f  t e s t i n g  performed 
i n  t h i s  program. T h i s  r e s e a r c h  l i t e r a t u r e  s o  far h a s  sp read  Go o v e r  
80 d i f f e r e n t  p u b l i c a t i o n s ?  i n c l u d i n g  t h e  P h y s i c s  o f  F a i l u r e  Conference 
sponsored  by RAEC y e a r l y  f o r  %he l a s t  4 y e a r s  and th.e proceed<-ngs 
o f  t h e  Second P h y s i c s  o f  F a i l u r e  Cclloquium pi:escnted by A u t o n e t i c s ,  
D i v i s i o n  of  North American Av ia t ion .  The r e s u l t s  o f  ii1cxny o t h e r  s t u d y  
programs, pub1 i shed  a r t  i c 1 e s 
a7pl.i - c a b l e  t o  i f i t egra- ted  ci . rcui t ,s  a r e  c u r r e n t > l y  b e i n g  r e v i e w a l .  Th.- 
r e s u l t s  o f  t h i s  s t u d y  w i l l  be  sumina.rized and ta .bulatei i  in. -t'..e Second 
Qus.r t ,er ly  Rel?ar-L. 
and r e p o r t  s o n  p o g r ~ , ~  c :;pe c f. f i c s l  l y  
T h i s  s e c t i o n  presen- t s  t h e  e lec t r j . ca .1  c i r c u i t  - tha t  wl1.1 
provi.de t h e  e l e c t r i c a . 1  power i n  t h e  opers t t ionc l  l i f e  t e s t  and sub- 
s e q u e n t  a c c e l 5 r a t e d  e l e c t r i c a l  s t r e s s  t e s t i n g .  A l l  l i f e  t e s t s  $ - i l l  
be  DC b i a s e d  t e s t s  designed. t o  a c c e l e r a t e  known f a i l u r e  mechanisms 
h i s t o r i c a l l y  proven t o  e x i s t  i n  i n t e g r a t e d  c i r c u t t s ,  and t o  c o n s i d e r  
t h e  methods o f  a c c e l e r a t i n g  t h e s e  f a i l u r e  modes t h a t  art? -the m o s t  
compatib1.e w i t h  q u a l i t y  a s su rance  methcds and. can  be  a c c e p t a b l e  t o  
m o s t  i n t e g r a t e d  c i r c u i t -  manufac turers .  P a s t  expe r i ence  has i n d i -  
c a t e d ,  i n  t h e  f i e l d  o f  d i g i t a l  c i r c u i t s ,  t ha t .  i n  t h e  vast  m a j o r i t y  
of  c a s e s  a combinat ion o f  DC b i a s  w i t h  t e m p e r a t u r e  a c c e l e r a t i o n  
w i l l  p r o v i d e  t h e  m o s t  s i g n i f i c a n t  a m o u n t  of r e l i a b i l i t y  d.a.ta f o r  
t h e s e  i n t e g r a t e d  c i r c u i t s .  I t  i s  t r u e  t h a t ,  v-h.ile % h e  fvnc-Lionel 
type o f  o p e r a t i n g  l i f e  t e s t  i s  more a t t r a c t i v e  t , o  t h e  c i r c u l t  de-- 
srigner,  as  t h e  c i r c u i t s  becoixe n:ore complex, b a s i c  d-ec is ions  have 
t o  be made t o  compare wha-t 5s known abou-tl t h e  p h y s i c s  o f  %he par-- 
t i  cu3.ar f a i l u r e  mechanism; t h e  means t,s s t r e s s  t h e s e  p h y s i c a l  f a i l u r e  
mechanisns ,  w i t h  -the c o s t  f a c t o r  il-1 pr:,viclj.ng burn- in  facilities 
i f  i t  i s  d e s i r e d  t o  o b t a i n  t th igb- - re l"  p a r t s  &t a n  econocii.ca1 c o s $ .  
F i g u r e s  G I . ,  6-2, and 6-3 g i v e  g e n e r a l  s i m p l i f i e d  schemx-1.tc cliagrnnis 
o f  t h e  t e s t  c i r c u i t  a n t i c i p a t e d  t o  be  used f o r  t e s t i n g  t h e  !IC-1525, 
MC--1533, and t h e  SN-526A d c v i c e s  a t  t h e  lower power 1 e v e l s .  A n a l y s i s  
o f  t h e  s t r e s s  a p p l i e d  t o  each element  w i t h i n  t h e  i n t e g r a t e d  c i r c u i - t  
h a s  r i o t  been completed. o n  a11 c i - r c u i t s  a , t  'ibis t ime .  T h i s  s e c t i o n  
p r e s e n t s  a d e t a i l e d  a n a l y s i s  o f  a n t i c i . p a t e d  s t r e s s  levels w i t h i n  
t h e  KC-151.9 d i f f e r e n t i a l  s z p l i f i e r .  A s i m i l a r  i znz lys i s  o f  t h e  o t h e r  
c i r c 3 i t . s  v i l i  be i n c l u d e d  i n  s u b s e q u e n t  r e p o r t s .  
6-1 
P 
Figure 6-1 .  L i f e  Test  C i r c u i t  f o r  MC-1525 Device (100 Mj 
6.-2 
t 
- 6 v 
Fj-gure 6 - 2 .  L i f e  T e s t  C i r c u i t  f o r  NC-1530 Device 
Figure 6 - 3 .  L i f e  T e s t  Circ-aic f o r  SNS2GA Dzvice. 
s t r e s s e s  a p p l i e d  t o  v a r i o u s  r e g i o n s  i n  t h e  d e v i c e s .  The b a s i c  
techniqu.e  u t i l i z e d  h e r e  f i x e s  t h e  s t r e s s  l e v e l s  by f i x i n g  t h e  
v o l t a g e s  a t  t w o  d i f f e r e n t  p o i n t s  i n  t h e  c i r c u i t .  The e l e c t r i c a l  
s c h e m a t i c s  a r e  shown ir, F i g u r e  6-1 aiid 6-5. I n  t h e s e  c i r c u i i . s  we 
have i d e n t i f i e d  each c i r c u i t  element by n o t a t i o n s  t h a t  a i d  i n  t h e  
ana1.ysi.s t h a t  f o l l o w s .  One ‘of  t h e  s i g n i f i c a a t  f e a t u r e s  i n  t h l s  
t e s t  d e s i g n  i s  tha- t  it encompasses a c o n s i d e r a b l e  d.egree o f  sin- 
p l i c i t y  and d u p l i c a t e s ,  s t a t i c a l - l y ,  t h e  s t r e s s e s  t h a t  t h e  e lements  
o f  t h e  c i r c u i t  a r e  expec ted  t c  si3e under  normal o p e r a t i o n a l  per -  
formance.  The c i r c u i t s  shown i n  F i g u r e s  6-4 and 6-5 a r e  q u i t e  
similar t;o %he b a s i c  e l e c t r i c a l  parameter  t e s t  c i r c u i t  r e q u i r e d  
t o  per form d i f f  e r e a t i a l  g a i n ,  i n p u t  o f f s e t  voit.a.ge, and o t h e r  
e l e c t r i c a l  measurements.  D i f f e r e n c e s  occur  o n l y  i n .  t h e  s e x s c  
t h a t  %he c o l l e c t o r  o f  t h e  d i f f e r e n t i a l .  p a i r  of PEP trans_i_s-L.ors 
is connected  t o  p i n  5 i1ist.ea.d o f  t h e  TEE supply ,  permits?:.irlg circ7Li-t 
power. c o n t r o l  b y  t h e  t ran .s i s - tor  1a.belcd Q i n  t h e  dizgram. T h i s  
permi’cs a l o g i c a l  n x t e n s i c n  i n  h i g h  p o w e ~  l e v e l s  beyond 300 m i l . l i - -  
wst-ts for t h e  paver s3ep  stress b i a s  c o n d i t i o n s  Sy clxt.cnd.ing t h e s e  
c o l . l e c t o r  l e a d s  t , o  t h e  V3:13 supply .  
5 
As is ~ o t e d  i n  -t.?isse c i rcuj . - t  schemat3.cs7 t h e  b i a s  1evel .s  
a r e  c o n t r o l l e d  by grounding  t h e  b a s e  Snput te3:mi1mI. o f  - t r a . n s j  s t o r s  
Q, and Q ( p i n s  4 and 8 )  and by e s t a . b l i s h i n g  th ,e  p r o p e r  bi.as l e v e l  
a-t g i n  6 t o  c o n t r o l  t h e  t o t a l  cu.rrent  P l o w  through R. Illisse f a c t c r s  
perr,i’it., w i t h  m i n o r  m o d i f i c a t i o n s ,  t h e  a d a p t a t i o n  of - t h i s  c i r c u i t  t o  
a h igh  volume screen. burn-in requiremen’c. If t h e  v o l t a g e  at pir, 6 
i s  f i x e d  a t  a l e v e l  de te r r i ined  t o  g i v e  x mil l iwa-Lts  of  Power, 
assu;ni.ng an a b s c l u t e  v a l u e  o f  E e q u z l i n g  5/46 O h m s :  than t h e  t o t a l  3 
d i s - t . r i bu3 ion  of power i n  a n y  p o p u l a t i o n  o f  d e v i c e s  s u b j e c t e d  t o  
t h i s  burn.-in s t r e s s  ~ 3 . 1 1  t h e n  s . 2 ~  p3wc:L c3nd i - t i ons  proportions,: t . o  
t h e  d i s t r i b u t i c n  o f  r z s i s t a n c e  v a l u e s  fclr t .hesc c i r c u i t s .  N o r m a l  i y ,  
2 
3 -  
L- I 2..7 k 
I / 
5632-1.2-6 
IO J / --- 
I 3 6  '- 'k (52 
'9 1 
j n  t h e  msnuEacturc o f  i n t e g r a  Led c i r c u i t s ,  t h e  d i  f f u s c J d  r e s i s t o r  
t o l - e r a n c e s  a r e  sought  -LO be less ihari 1 2 0  p e r c e n t .  I n  t h i s  c i r c u i t ,  
because  i t s  r e s i s t o r s  a r e  nichrom: d e p o s i t e d  t h l n  film, t h e  d i s t r i -  
b u t i e n  o f  paver. levels shoulc! be m s c h  b e t i e i .  Xosveve r ,  t h i s  r e i i -  
a b i l i t y  s t u d y  program w i l l  i n c l u d e  a v a r i a b l e  potenbiometer  i n  o i l r  
ne twork  which w i l l  p e r m i t  t h e  f i n a l  ad jus tn ien t  o f  t h e  v a l u e  o f  I 
for each  c i r c u i t  s o  t h a t  t h e  t o t a l  power o f  t h e  c i r c u i t  can be  s e t  
a t  t h e  e x a c t  l e v e l  d e s i r e d .  A d c s c r i y t i g n  of‘ t h e  c i r c u i t  f u n c t i o n s  
a,qd a breakdo-m o f  -the powcr dropped a c r o s s  each c i r c u i t  component 
T 
f o l l o w s  i n  t h e  next,  two s e c t i o n s .  
The c i r cu i -5  f o r  th i s  t e s t  i s  s h o ~ m  in Figure G - - . 4 .  The  
powgr d i s s i p a t e d  i n  t h i s  c i r c u i t  i s  equal  t o  t h e  t o t a l .  c i r c u i t  
c u r r e n t  f l o w  ( i . . e . ,  th rough R ) t ivies  t h e  a p p l i e d  vol. tage 
( V c c  - VEE = 21 v 0 1 . t ~ )  minus t h e  power ,cc)nsurced ij.1 1lie ex’ccrna l  
l o a d  r e s i s t o r s  Rol and Ro2.  
3 
It c a n  5e d e f i n e 6  a s  f o I l G v s :  
c I’dT = PdRo + Pd 
where Pd i s t o t a l  c i r c u i t  power consunipt. ioi;  T 
TdRo i s  power l o s t  i n  t h c  l o a d  r p s i s t o r s  
Pdc is power used  i n  MC-151.9 c i r c u i t  
Vcc = +I2 TrdC 
=I --I2 Vdc 
1 Fil’ 7 J l  :YCc -- VC2) L 2 1 T 
Consi-der ing t h e  l o a d  
f o l l o w s  and e q u a l  - l o  
I1 
1, R 2 ,  Eo and Ro2 1' c i r c u i t s  o f  R 
+ l 2  v I T  
- ___ ___ r-- - - ' I 
-to be  
Ro2 
2.7 k 
as 
t h e n  i t  i s  seen  -!!hat the cur ren t ,  d r a i n  i n  t h e  o u t p u t  load r e s i s t o r s  
w i l l  e q u a l  Rl o r  R2 m i i i u s  a f a c t o r  e q u a l  t d :  
Si i icc  II + I, + I -I- I4 ~5 IT  2 3 
2 = 132 Ro i- I4 Ro = 2Y 120 pdRo 3 
It0 2 PdRo - - (IT - 0 .54  miz)  
- -  8 
Then  e q u a t i o n  (2) call b e  rcs r rangcd  as f o 1 l o . r - s :  
R O  2 
s ( I r  - 0.54 mA) 
IT2 -2(0.51 x l C - 3 ) ( I T )  + (0.54 x 10- 
- 2 1  IT + 100 = 0 
3 ) 2  
= o  (24) 8 (0.1)s I T  -t --xo - Ro 
IT +(0.51 
- 
X + 
I, T= 4.37 1 
FroiK equation (1): 
1, - 
L 
mA 
0.54 mA 
T o  c a l c u l a t e  t h e  t h e o r e t i c a l  value o f  -the p i n  6 ,  i t  i s  o n l y  necessary 
t o  c o n v e r t  -the e q u a t i o n  € c r  I i n  terms of '  V6 ( v o l t a g e  a t  p i n  6 ) .  T 
V , ,  i- 0.72 v o l t s  + 540 IT '6 = hh 
= -8.92 v o l t s  
I n  all t h e s e  c a % c u l s t i o n s ,  t h e  vo!.tage i s  refcrei . lced t o  th .e  0 v o l t a g e  
p o t e n t i a l  a t  p i n s  4 end E and t h a t  t h e  f o r w e r c l  vo1:iage d r o p  (base- 
e m i t k e r )  V is assumed. t o  be 0.72 v o l t .  
f o r  the  c i r c u i t  components and t h e  c a l c u l a t e d  v a l u e  o f  IT,  es%in!e.kes 
of t h e  power d i s s i p a t e d  by each c i r c u i + ,  eltiinelit, car, b e  c n l c a u l a t e d .  
They a r e :  
Usin-g t h e  t y p i c a l  v a l u e s  BE 
A .  Resis tcJ r  R g .  
= 10.3 ml? 
Q5 R .  T r a n s i s t o r  
ITCE = V6 f o r  a , l l  power l e v e l s  
6 -- 1. I 
m 
2 C .  l r a n s i s t o r s  Q, and Q 
N e g l e c t i n g  t h e  inc remen ta l  i n c r e a s e  i n  c o l l e c t o r  
c u r r e n t s  r e s u l t i n g  from t h e  base  c u r r e n t s  o f  t r a n s i s t o r s  
Q3 and Q ,  because  they will c o n t r i b u t e  l e s s  t l i a r i  2 p e r c a i t  
of -the t r a n s i s t o r  c u r r e n t s  f o r  Q ,  and Q, 
- (2.'7 kQ)(O.96 mB + 0.27 ma) + 0.72 v o l t  %EQ, = VCc 
= 9.4  T'Ol.tS 
= Pdo = I1 x VCE = (1.23 mA)(9.4 V )  
Ql -2 Q, 
Yd 
I 
= 11.6 mli 
D. T r n n s i s t o r s  Q ,  and Q ,  
2 
it 
Heczuse t h e  c c l l . e c t o r  voltages of t r a n s i s t o r s  9 an6 9 
a re  clamped by t h . e  VIjE d i o d e s  o f  t h e  FWT' t , r a . ~ s i s t 0 3 : ?  
thei i  f o l l o i i s :  
1 
Then 
2 E. R . e s i s t o r s  R, and R I 
I, = I = 1 . 2 3  mi1 2 
, T r a n s i s t o r  9 = 1 1 . 6  In?J 
T ra r l s i sLr~r  O_ = 1 1  . 6  m'd 
T r a n s j . s t o r  Q - 9.7 rnV 
T r a n s i s t o r  Q, = 9 . 7  mld 
T r a n s i s t o r  Q - 39.0 mW 
R e s i s t f i r  R1 = 4. 07 nil{ 
R e s i s t o r  R2 = 4.07 mW 
R e s i s t o r  R 3  = 10.3 PIII 
1 
2 
3 -  
5 -  
Ir, a n a l y z i n g  t h i s  100 m i l l i w a t t  t e s t  s e t u p ,  it i s  naked 
t h a t  all t r a n s i s t o r s  a r e  s e t  ai; such  a l e v e 3  t h a t  t h e y  lia:.~? a minimum 
o f  9 . 0  vcl-t,s c o l l e c t o r  t o  en i ik ie r ,  that t h e  1nonol.ithic chj.p w i t h  t h e  
ni"chrome re s i s - t ; o r s  i s  s t r e s s e d  wi-ih. SO p e r c e n t  o f  t h e  po-s,lier o r  80.5 
m i . I . l i ~ - a L t s  ax& t h a t  t h i s  f a c t o r  i s  v e r y  nea r ly  i n  p r o p o r t i o n  t o  t h e  
r a t i o  o f  t h e  c ross -sec- l iona .1  areas oi" t h e  tvc! d i e  in q u e s t i o n .  T h i s  
r a t i o  b e i n g  a p p r o x i m a t e l y  equal  -LD 3 :  1.. 
6-2-21 
300 l I i l l i w s t i ,  __-- Opej-zting L i € e  Test, --- 6.1 .2  
The ana logy  f o r  t h i s  c i r c u i t  i s  similar t o  t h a t  used f u r .  
t h e  100 m i l l i w a t t  l i f e  t e s t  c i r c u i t  e x c e p t  that t h e  e x t e r n a l  r e s i s l o r s  
have been  dec reased  i n  v a l u e  r e q u i r i n g  t h e  I"€' t r a n s i s t o r s  t o  tulre a 
l a r g e r  s h a r e  o f  t h e  cu r renk  l o a d ,  t h e r e b y  d i s s i p a t i n g  a l a r g e  per -  
c e n t a g e  of t h e  power. 
mod i f i ed  t o :  
F o r  t h i s  c i r c u i t  e q u a t i o n  (1) h a s  been 
( 3 )  
2 Pdc = 241% - 2 R 0  I3 
Unl jke  t h e  100 mi l l lva t - t  c a s e  where t h e  r e s i s t n n c e s  R 1' R p  R O l ,  Ro2 
were  equa l  t o  2.7 k ohms, t h e  s imple  DC analysis of prJwcr l o s s  i n  t h e  
e x t e r n a l  l o a d  r e s l s t a n c e s  r e q u i r e s  a s l i g h t l y  d i f f e r e n t  ana lys i s .  
F i r s t ,  c o n s i d e r i n g  t h e  l o a d  b r i d g e  t o  be :  
4- 24 Vo1 . t~  
02=lkR 
I1 + I2 + 1 + I4 + 21B =- IT 
Ql 
3 
i g n o r i n g  the> b a s e  cu r re r l t  fnc t ,o rs  f o r  p i n s  9 and 8 (2 I ) because 
BQ -, 
6-14 
.' 
a n d  t h a t  Rl  = R t h e n  i t  f o l l o ~ ~ ~ s  t h a t t h e  v o l t a g e  t h a t  1Zol : Eo2 2 
drop a c r o s s  each l i n e  is the sami. ( c a l l e d  V c l f  then 
aid since Rol = Ro2 = 1 kQ 
1 
I T + 2  (oi7; ~ - - -  3- 11, + I2 + 1 3 L  I4 
I 
I? = T + 0.72 mA 
-- 3 
I 
z I + 0.72 mA I4 L!. 
1 Cl 
v 
and I3 = -- 1 2.7 k.Q 1 k9 
1 =-I--. vc 1 
1 
1 2.7 '3 
1 
1 = --- 
1 1 
T 
Il = 12, l3 = I4 
1 
3 IT + 1.44 ILA == 21- + 31 1 
1 ’T + 1 Y 4 4 InJ. 
2 .7  then I3 - 7.4 
+ 1 .44  d) - 0.72 nA 2.7 = 7.4 ( IT  
Now s u b s t i t u t i n g  equaiiion 5 in-Lo e q u a t i o n  3 
2 
and IT becomes equal  -to 
91 .71  :r; lom3 - 38.78 x 
2 IT = 
91.71 -- 62.2’7 29.44 -- - -- - 
2 - 2   
= 14.7  mA f o r  Rc : 1 liQ 
Pac = 303 fiiW 
V 6  = -3.33 v o l t s  
I1 = I2 = 2.18 
T h i s  r e s u l t s  i n  t h e  Eo1lovi:ig c n l c u l a t i o n  o f  component 
d i s s i p s t i o n s :  
T r a n s i s t o r  9 - 39.0 i n l /  
T r a n s i s - t u r  0 = 48.9 mV &5 
Rcsis-bor R = 12.6  mlJ l 
R e s i s t o r  R2 = 12.6  I ~ I J  
R e s i s t o r  R3 = 1 1 6 - 7  mTf 
4 -  
A t  t h i s  s t r e s s  l e v e l ,  t h e  r e l a t i v e  p e r c e n t a g e  o f  power 
consumed by t h e  PNI' t r c n s i s t o r  c h i p s  has i n c r e a s e d  t o  app rox ima te ly  
30 p e r c e i l t  of' t h e  t o t a l  c i r c u i t  power,  S i n c e  t h i s  i s  i n  p r o p o r i i o n  
t o  -the r e l a t i v e  c r o s s - s e c t i o n a i  a r e a s  o f  +,be two s i l i c o n  d i e ,  t h e  
a s sumpt ion  can b e  made t h a t  t h e  a v e r a g e  juncLion  t e m p e r a t u r e s  a r e  
nesi-ly e q u a l ,  a v e r y  important € a c t o r  t h c t  must b e  c o n s i d e r e d  
whenever p o s s i b l e  a s  t h e  povei- levels a re  incrcasec l .  
6-17 
The e f f o r t  f o r  t h e  n.ex-t q u a r t e r  will be c o n c e n t r a t t e d  on 
i n i t j . a . t , i n g  l ;he l i f e  -t,esi;s on  a l l  c i r c u i k s  and a n a l y z i n g  t h e  d a t a -  
g e n e r a t e d  by t h e s e  k e s t s .  
I t  i s  expec ted  t h a t  a n a l y s e s  o f  t h e  power d i s s i p a t i o n  o n  
t h e  o t h e r  c i r c u i t s  w i l l  be complet,ed, 
The b u l k  o f  -the r e f e r e n c e  material o b t a i n e d  as a r e s u l t  
of  t h e  l i t e r a t u r , o  su rvey  will b e  rev iewed and t h e  r e s u l t s  r e p o r t e d  
i n  t h e  next, q u s r t c r l y  r e p o r t ,  
7-1 
